One hundred and fifty-three isolates of coagulase-negative staphylococci obtained from human skin failed to transfer resistance to either cadmium ions (46 isolates), trimethoprim (3 7 isolates), erythromycin (25 isolates) or tetracycline (45 isolates) to Staphylococcus aureus strain 1030 or to each of 10 of its lysogenic derivatives in mixed cultures. Thirty-three trimethoprim-resistant coagulase-negative staphylacoccal isolates obtained from the human intestine also failed to transfer this resistance to the recipients in mixed cultures.
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I N T R O D U C T I O N
Intraspecific transduction in Staphylococcus epiderrnidis has been demonstrated by several workers at frequencies of the order of (Yu 6: Baldwin, 1971; Minshew & Rosenblum, 1972 , 1973 Rosendorf & Kayser, 1974; Poston & Palmer, 1977; Olson et al., 1979) . In several of these cultures the determinants for resistance to tetracycline, chloramphenicol and neomycin are probably plasmid-determined (Minshew & Rosenblum, 1972 , 1973 Rosendorf & Kayser, 1974; Poston & Palmer, 1977) . Resistance to penicillin in S . epidermidis has sometimes proved difficult to transduce. Yu & Baldwin (1971) and Rosendorf & Kayser (1 974) failed to transduce penicillin resistance at all, whereas Olson et al. (1979) succeeded in transducing penicillinase production, but only at low frequencies (lo-' to lo-*). In contrast, Nazar et al. (1977) transduced this resistance intraspecifically from three donors at frequencies of between about and lo-'. Poston & Palmer (1977) transduced penicillin resistance at a frequency of about lop5 from one donor, and whilst transduction kinetics showed plasmid features, only a proportion of the transductants exhibited instability of the resistance. Overall, these results suggest that much of the antibiotic resistance in S . epidermidis may be plasmid-determined, and as this organism is often found naturally in man in the presence of Staphylococcus aureus, there is potential for transfer of plasmids from S . epidermidis to S. aureus (Lacey, 1975) . If such transfer does occur it could play an important role in the emergence of resistance in S . aureus. This transfer might occur on mucocutaneous surfaces or on other surfaces such as in the gastro-intestinal tract. However, transduction in vitro employing cell-free lysates as a source of transducing particles may have little relevanlce to the natural environment since the preparation of the lysate requires death of the donor and the injection of genes into the recipient necessitates its careful protection from lysis by predominantly lytic phages in these lysates. Rather, if interspecific spread of resistance to antibiotics between staphylococci does occur in nature, it is more likely to have occurred by cell-to-cell contact, i.e. phage-mediated conjugation (Lacey, 197 1 a, b, 1980) . In this process death of the donor does not occur and there is no need to protect the recipient from lysis by virulent bacteriophages. Indeed, Witte (1977) has already described the transfer of resistance to penicillin and chloramphenicol 0022-1287/8l/0000-9760 $02.00 0 1981 SGM separately from one culture of S . epidermidis to S. aureus. Jaffe et al. (1980) have recently described transfer of gentamicin resistance between S . epidermidis and S . aureus in mixed cultures, and Naidoo & Noble (198 1) have described transfer of gentamicin resistance from a coagulase-negative culture to S . aureus. This transfer occurred both spontaneously in nutrient broth and on the skin surface of human volunteers. However, it is not known how generally this type of transfer can occur, and whether the frequencies attained in vitro indicate that these events are likely to occur commonly in nature. We have therefore studied the ability of resistance in many coagulase-negative staphylococci to transfer, in mixed culture, to S. aureus. Staphylococcus aureus strain 1030, together with its lysogenic derivatives, was selected because this strain has proved to be a good recipient in transfer experiments from S . aureus to S . aureus, and it contains no known natural prophage or plasmid that might spread from the 'recipient' to the 'donor' in mixed cultures, thus avoiding any difficulty of identifying the direction of any transfer.
M E T H O D S
Isolation of resistant isolates. Resistant coagulase-negative staphylococci were obtained from normal skin of recently admitted hospital in-patients by plating swabs on to Blood Agar Base (Oxoid) containing M-cadmium acetate, 5 mg erythromycin 1-', 5 mg tetracycline 1-' or 5 mg trimethoprim 1-' . A total of 153 staphylococcal isolates from skin were examined: each was catalase-positive and deoxyribonuclease-negative. These isolates had the following resistance determinants: cadmium ions (46 isolates); tetracycline (45 isolates); erythromycin (25 isolates); trimethoprim (37 isolates). Thirty-seven of the skin isolates were fully identified by the API method (Kloos & Schleifer, 1975) ; apart from five that could not be classified precisely, all were S . epidermidis. Rectal swabs from patients who had recently received trimethoprim were plated on Diagnostic Sensitivity Test (DST) agar (Oxoid) containing 4 % (v/v) lysed horse blood and 5 mg trimethoprim 1-' to recover 33 trimethoprim-resistant isolates from the human intestine. Sensitivity tests were performed as noted previously (Lacey, 1980) . Transfer in mixed cultures. Each resistant coagulase-negative isolate was examined for possible transfer of resistance to each of 11 S . aureus recipients: 1030 wild, 1030(55), 1030(C), 1030(79), 1030(71), 1030(95), 1030(42E), 1030(54), 1030(77), 1030(88), 1030(96). These represent different lysogens of the naturally non-lysogenic S . aureus 1030; the presence of prophages in this recipient was previously shown to enhance intraspecific resistance transfer in mixed culture to various extents (Lacey, 1980) . The method used was that described previously (Lacey, 1980) with selection for resistant recipients with 100 mg rifampicin I-' (each derivative of strain 1030 was resistant to this concentration of rifampicin) and 5 mg erythromycin I-', 5 mg tetracycline 1-', 5 mg trimethoprim I-' or M-cadmium acetate. These substances were added to Blood Agar Base except in attempts to detect transfer of trimethoprim resistance, when DST agar with 4 % (v/v) lysed horse blood was used. Controls included, as a donor, S. aweus 1030 tet-r from which tetracycline resistance transfers to most of these recipients at high frequency (Lacey, 1980) .
R E S U L T S A N D D I S C U S S I O N
Although the 'control', S . aureus 1030 tet-r, transferred its resistance at the same frequency as previously (Lacey, 1980) , no transfer (frequency, i.e. no. of resistant recipientdfinal no. of recipients, < was detected in any of the test mixtures sampled after 20 h incubation. A proportion of the mixed cultures in each series of experiments were examined to see whether the numbers of donors and recipients were approximately similar. There was little evidence of overgrowth of recipient by donors or vice versa. Thus, from the total of 2046 mixed cultures, no transfer was detected. In some experiments plates inoculated with the mixtures were incubated for 48-72 h to exclude the possibility that slow-growing resistant recipients were present. Mutation to rifampicin (100 mg 1-I) resistance was occasionally seen in the donor (frequency about but no recipient organisms resistant to tetracycline (4 mg l-l), cadmium ( M), erythromycin (5 mg 1-I) or trimethoprim (5 mg 1-l) were recovered.
If it is assumed that mixed culture incubation in vitro provides a reasonable representation of events in vivo, and that strain 1030 and its lysogenic derivatives represent typical S . aureus recipients, then the negative findings suggest that transfer of resistance genes from coagulase-negative staphylococci to S. aureus in vivo is generally rare. That naturally occurring cultures of both S. epidermidis and S. aureus are often resistant to several antibiotics can therefore be explained predominantly by the selection of each resistant species individually by chemotherapeutic agents. In support of this we have noted that the proportion of cutaneous coagulase-negative staphylococci resistant to either trimethoprim or sulphonamides increased following the prescriptialn of these agents in the absence of resistant S. aureus (Lacey et al., 1980) . 
